Abstract
INTRODUCTION
The Heckscher-Ohlin (H-O) model is one of the core models in model trade theories. A standard H-O model is for a two-countries global economy, each country having access to the same technology for producing two goods using two fixed factors (labor and capital) under conditions of perfect competition and constant returns to scale. Factors of production are mobile between sectors within a country, but immobile internationally. No international borrowing and lending are allowed. As pointed out by Ethier (1974) , this theory has four "core proportions". In the simple case of two-commodity and two-country world economy, these four propositions are as follows: (1) factor-price equalization theorem by Lerner (1952) and Samuelson (1948 Samuelson ( , 1949 , implying that free trade in final goods alone brings about complete international equalization of factor prices; (2) Stolper-Samuelson theory by Stolper and Samuelson (1941) , predicting that an increase in the relative price of one 393 significant for explaining the terms of trade (Mendoza, 1995) , for explaining the exchange rate (Stulz, 1987; Stockman and Dellas, 1989; Backus and Smith, 1993; Rogoff, 2002) ; for dealing with current account dynamics (Edwards, 1989) , or for solving the home premium puzzle (Baxter et al., 1998; Pesenti and Van Wincoop, 2002) . Backus and Smith (1993) emphasized the significance of this distinction as follows: "The mechanism is fairly simple. "Although the law of one price holds, in the sense that each good sells for a single price in all countries, PPP may not: price indexes combine prices of both traded and nontraded goods, and because the latter are sold in only one country their prices, and hence price indexes, may diff er across countries". There are also other studies emphasizing distinction between tradable and non-tradable sectors (Stockman and Tesar, 1995; Zhao et al., 2014) . This study introduces distinct sectors to examine trade patterns and economic dynamics.
As the model in this study is a dynamic general equilibrium model, it can properly address issues related to income convergence between countries. Discussions about these issues are mostly based on the insights from analyzing models of closed economies in the literature of economic growth and development (Barro and Sala-i-Martin, 1995) . One might reasonably expect that one can get little proper insights into the convergence issues with a framework without international interactions. This paper develops a two-country growth trade model with economic structure, treating the global economy as an integrated whole. We analyze trade issues within the framework of a simple international macroeconomic growth model with perfect capital mobility. The model in this study is a further development of the two models by Zhang. Zhang (2012 , 2014 proposes a multi-country model with capital accumulation and knowledge with traditional one-tradable capital good and one non-tradable good framework. This paper develops an international growth model with three sectors in each national economy by adding one country-specified tradable good into the analytical framework. The introduction of this good makes the modelling framework more robust in exploring complexity of global economic growth. The rest of the paper is organized as follows. Section 2 defines the basic model. Section 3 shows how we solve the dynamics and simulates the motion of the global economy. Section 4 carries out comparative dynamic analysis to examine the impact of changes in some parameters on the motion of the global economy. Section 5 concludes the study. The appendix proves the main results in Section 3.
THE MODEL
Our model is influenced by some typical dynamic H-O models and the neoclassical trade growth theory. For simplicity, we consider a world economy with two national economies, indexed by j=1, 2. Rather than two goods in the standard H-O model, this study assumes that each national economy produces three goods. Both countries produce a homogeneous capital consumer goods which can be used as capital and consumer goods. The sectors in the two countries are called industrial sector. This sector is similar to the homogenous sector in the traditional neoclassical trade model (e.g., Ikeda and Ono, 1992) . Capital goods are freely mobile between countries. There is no tariff on any good in the global economy. Each country provides services and country-specified goods which are not internationally tradable and can be consumed only by domestic households. Each country specifies in producing a good called global commodity which is internationally tradable and consumed by both countries. Global commodities are pure consumption goods. The industrial sector, global commodity sectors, and service sectors are indexed by i, j, s. Production sectors use capital and labor. Exchanges take place in perfectly competitive markets. Factor markets work well; factors are inelastically supplied and the available factors are fully utilized at every moment. Like in the traditional H-O model, labor is internationally immobile. Capital and labor are freely mobile within each country and are immobile between countries. Saving is undertaken only by households. All earnings of firms are distributed in the form of payments to factors of production. We omit the possibility of hoarding of output in the form of nonproductive inventories held by households. We describe capital sector and wealth accumulation as in the neoclassical growth theory. Most neoclassical growth models are based on the pioneering works of Solow (1956) .
Let all the prices be measured in terms of capital good. We use 
Production functions
The production functions are neoclassical and homogeneous of degree one with the inputs.
The production function of section q in country j is specified as 
Marginal conditions for the global commodity sectors
The marginal conditions for global commodity sector j in country j are
Marginal conditions for service sectors The marginal conditions for service sectors are 
The current income and disposable income This study uses Zhang's utility function to describe behavior of households (Zhang, 1993) .
Consumers make decisions on consumption levels of goods and saving. Let   
Here, we assume that selling and buying wealth can be conducted instantaneously without any transaction cost. The per capita disposable income is given by
The disposable income is used for saving and consumption. j The consumer j is faced with the following budget constraint
The budgets and utility functions
We assume that consumers' utility function is a function of the consumption levels of goods、services and the saving as follows  the propensity to own wealth. Maximizing (7) subject to (6) yields 
Wealth accumulation
According to the definitions of  , 
This equation simply states that the change in wealth is equal to saving minus dissaving.
Factor marketing clearing conditions
We use   t K j to stand for the capital stocks employed by country .
j The capital stock is fully employed by the three sectors. That is
The labor force is fully employed by the three sectors
Market clearing for two tradable goods
The demand and supply of services balance in each national market
Market clearing in global commodity markets
The demand and supply of tradable goods balance in global markets
Market clearing in capital markets
The global capital production is equal to the global net savings. That is
Wealth balance
The wealth owned by the global population is equal to the total global wealth
We thus built the dynamic model with endogenous wealth accumulation.
THE DYNAMICS AND EQUILIBRIUM
We have the dynamic equations for the two-country global economy. As the system is nonlinear and is of high dimension, it is difficult to generally analyze behavior of the system. Before examining the dynamic properties of the system, we show that dynamics of the twocountry economies can be expressed by 2 differential equations. Before further stating analytical results, we introduce a variable
The following lemma shows how to follow the dynamics of global economic growth with initial conditions.
Lemma 1
The motion of the 2 variables   t z 1 and   t k 2 is given by the following 2 differential 
Country 1 and s ' 2 populations are respectively 10 and . 20 We consider equal depreciation rates of physical capital between the countries and between sectors. The total factor productivities are different between the two economies. The total factor productivity of country 1's industrial sector is higher than that of Country 2 's. The propensity to save of country 1's representative household is higher than that of Country 2 's. We specify the initial conditions as follows:
The motion of the system is given in Figure 1 . In the figure the national incomes and the global income are defined as follows:
Figure no. 1 -The Motion of the Global Economy
The global income and wealth fall in association with rising rate of interest and falling wage rates. The national and global incomes fall over time. Country s ' 1 wealth is more the capital stock employed by the national economy, implying that the country is in trade surplus.
Country s ' 2 wealth is less the capital stock employed by the national economy, implying that the country is in trade deficit. Country s ' 1 wealth and the capital employed fall over time.
Country s ' 2 wealth rises and the capital employed falls. Each sector also experiences changes over time as illustrated in Figure 1 . The prices of two commodities and services are slightly changed. The consumption levels of commodities and services and wealth of country s ' 1 ( s ' 2 ) representative household fall (rise) over time.
From Figure 1 14 . 0 , 7 1 . 0   This implies that the world economy is stable. This implies that we can effectively conduct comparative dynamic analysis.
COMPARATIVE DYNAMIC ANALYSIS
We simulated the motion of the dynamic system. This section carries out comparative dynamic analysis. As we can follow the motion of the global economy, it is straightforward to provide transitory and long term effects of changes in any parameter on the global economy. It is important to ask questions such as how a change in one country's conditions affects the national economy and global economies. First, we introduce a variable A rise in the total factor productivity of country 1's industrial sector It has been argued that productivity differences explain much of the variation in incomes across countries, and technology plays a key role in determining productivity. We now study effects of an improvement of productivity in country s ' 1 industrial sector. We allow the total factor productivity to be changed as follows . 25 . 1 2 . 1 :
The results are plotted in Figure 2 . As the system variables interact in nonlinearly, it is tedious to interpret why variables vary over time in a clear manner, even though it is not difficult to see by observing the motions in the plots. The falling in capital share of country s ' 1 industrial sector reduces the output level and capital and labor inputs of country s ' 1 industrial sector. This occurs partly as a consequence that the labor is constant and immobile in the country. The parameter change increases the output level and capital and labor inputs of country s ' 2 industrial sector. The global and country s ' 1 total incomes are lowered. Country s ' 2 total income initially rises and changes slightly in the long term. The global wealth rises initially and falls in the long term. Country s ' 1 wealth and capital employed fall in the long term. Country s ' 2 wealth is slightly affected and capital employed is increased. The wage rate in country 1 is reduced and the wage rate in country 2 is increased slightly. The rate of interest is reduced. The prices of country s ' 1 services and global commodity are reduced and the prices of country s ' 2 services and global commodity are slightly affected. Country s ' 1 household initially increases the wealth and consumption levels of all goods and services and reduces these variables in the long term. Country s ' 2 household increases consumption of country s ' 1 global commodity and keeps the wealth and consumption levels of its own country's global commodity and services almost invariant. There are also some changes in the industrial structures. Country 1's global commodity sector produces more and employs more labor force and the sector initially employs more capital input. Country 2 's global commodity sector produces less and employs less the two input factors in the long term.
Figure no. 3 -A Fall in the Output Elasticity of Country 1's Industrial Sector
Consequences of country 1's population expansion Chen (1992) observed: "There have been few attempts in the literature to explain long-run comparative advantage in terms of differences in initial factor endowment ratios among countries." As economists failed to analytically solve or simulate their dynamic models, it is difficult to explain transitory as well as long-run effects of initial factor endowments. As our model follows the dynamics of the global system with any conditions, it is straightforward for us to completely illustrate the effects of differences in any factor endowments. We now allow country 1's population to rise as follows Country 2 's household has the wealth level and consumption levels of two commodities and services unchanged. Country 1's global commodity sector expands its output by employing more capital and labor force. Country 2's global commodity sector expands its output by employing more capital and labor force. A higher propensity to consume consumer goods reduces the global total income and wealth, and two countries' total incomes. Country 1 has less wealth and employs less capital stocks. Country 2 has almost same level wealth and employs less capital stocks. The increased propensity to consume goods reduces the wage rates and augments the rate of interest. The prices are slightly affected. 
Figure no. 8 -Country 1 Augmenting Its Propensity to Save
The rise in the propensity to save augments the global total income and total wealth and the two countries' total incomes. Country 1's household increase the wealth over time.
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The household initially reduces the consumption levels of two goods and services and raises these variables in the long term. The behavior of country 1's household is slightly affected. The wage rates are enhanced and the rate of interest is reduced. The prices of services are slightly increased. The price of global commodity 1 is slightly increased and the price of global commodity 2 is slightly decreased. The output levels and two inputs of the industrial sectors are increased.
CONCLUDING REMARKS
This paper studied the role of preferences and technological differences between two countries in determining the dynamics of capital stocks, and pattern of trade in a reformed H-O model of international trade. The paper built the trade model with endogenous wealth accumulation and labor and capital distribution between sectors and between countries under perfectly competitive markets and free trade. The model is built on the basis of the H-O model, the Solow-Uzawa neoclassical growth model and the Oniki-Uzawa trade model. The model synthesized these well-known economic models with Zhang's utility function to determine household behavior. We simulated the model for the economy to demonstrate existence of equilibrium points and motion of the dynamic system. We also examined effects of changes in output elasticity of an industrial sector, population expansion, and propensities to consume the domestic commodity, propensity to the other country's commodity, to consume services, and to hold wealth. The economic structures and interactions between different determinants of global economic growth are delicately interrelated. We might get more insights from further simulation. Our comparative dynamic analysis is limited to a few cases. The Solow model, the Uzawa two-sector growth, and the Oniki-Uzawa trade model are most well-known models in the literature of growth theory. Many limitations of our model become apparent in the light of the sophistication of the literature based on these models. We may generalize and extend our model on the basis of the traditional literature in the neoclassical growth model and trade. We may extend the model in other directions. We may introduce tariffs into the model. This study does not consider public goods and services. This study shows the role of capital accumulation as a source of economic growth and trade pattern change. There are many trade models which explicitly emphasize technological change and human capital accumulation as sources of global growth (e.g., Grossman and Helpman, 1991; Zhang, 2008) .
From (12) and (8) 
